To accurately determine the beginning and the end of voltage sags is very important for the actuation of a system that is connected to the grid and must have ride-through capability. This paper analyses four voltage sag detection methods, comparing both detection speed and reliability, not presenting false detections and providing a consistent signal during all the gap duration. In particular, it has been analysed the behaviour of the detection methods when voltage waveforms present harmonics due to power electronics switching.
Introduction
The increase in renewable energy use in electrical energy generation makes necessary the compliance with some technical requirements in order not to compromise the operation of the electric system. These connection requirements affect all the aspects related to the quality of the energy sent to the grid [1] and the behaviour of the system when grid perturbations occur. Voltage sags are one of the many power quality related problems the industrial process sector has to face, and they are one of the most severe. They consist on a reduction of the voltage at a customer position with duration between one cycle and half a second. [2] . This paper compares the behaviour of four voltage sag detection methods when facing three phase faults, according to Spanish Operation Procedure 12.3.
The aim of the paper is to determine the best detection method to be used in the control of the grid connection inverter of a variable-speed squirrel-cage wind turbine connected to a weak grid, in order to provide it with voltage sag ride-through capability.
Simulated methods
Several voltage detection methods have been documented for use in various voltage compensation schemes. In this paper, the following methods are simulated and evaluated.
a) Appling the Fourier Transform to Each Phase
This method gives the amplitude and phase of the main component of the utility voltage, but its main drawback is the need for at least half period (10 ms) in order to have an accurate result, which generates a significant delay in the response of the system to a voltage sag. The method calculates the magnitude and phase of the different harmonics present in the supply voltages. It is applied to each phase independently and as thus can monitor the start or end of the sag, its depth and any phase jump.
In order to provide a unique solution, the number of equations to be solved is twice the number of harmonics detected in the supply. For instance, if only the fundamental and the fifth harmonics are considered, the equations to be used are: Solving equation (5), the magnitude and phase of the different harmonics can be determined. c) Peak Value Evaluation Method [4] Assuming that input voltage is given by
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The two signals are a pair of orthogonal functions. If they are sent to two separate multipliers and squared, it is easy to obtain the square of the input voltage peak value.
In order to measure the peak value, the signal is fed to square root circuit. This method gives a correct measure of the evolution of the observed magnitude since it expresses the energy content of the signal.
If N samples are taken within a cycle, the RMS value at time k is given by:
where 
Detection method comparison
The selected system must be able to detect voltage sags as quickly as possible and be as immune as possible to the presence of harmonics in the grid voltage. Precision and fast detection are essential features for the detection method, in order for the system to ride through voltage sags. Since the simulated system is connected to a weak grid, it is highly influenced by the harmonic content, and one of the goals of the paper is to determine which detection method is more robust. It can be noticed that the Matrix method is the more sensitive to harmonics, so grid voltages have been filtered using a second order low-pass filter with a cut-off frequency of 100 Hz. This filter introduces a delay of 2.3ms, which worsens significantly the detection time. However, Fig. 9 shows that, even considering this delay, the fastest detection method giving an accurate result is the matrix method. The following 
Conclusions
The paper describes simulations of different voltage sag detection techniques and, among them, the best one is the matrix method, even having to use filtering, because it provides a consistent detection signal and gives the fastes response. Besides, this method provides phase information, required for the inverter control algorithm in order to comply with Operation Procedure 12.3.
